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Compared with other, less fermentable fibres such as non-starch polysaccharides, 
resistant starch produces a significantly greater molar quantity of n-butyrate (20-28% 
vs. 10-15%). This is considered important because of the major role that butyrate plays 
in the maintenance of a healthy digestive system. For example, butyrate is a prime 
substrate for energy metabolism in the colonocyte and acts as a growth factor to the 
healthy epithelium. 

In normal cells, butyrate has been shown to induce proliferation at the crypt base, 
enhancing healthy tissue turnover and maintenance. In inflamed mucosa, butyrate 
stimulates regeneration of the diseased lining of the gut. In neoplastic cells, butyrate 
inhibits proliferation at the crypt surface, thus preventing the development of potential 
tumours. Moreover, models of experimental carcinogenesis in animals have shown 
butyrate's potential to modify a number of metabolic steps in the cell cycle such that 
early stages of cancer development may be counteracted while later stages may be 
slowed down. Thus, butyrate (and, by extension, resistant starch) has the potential to 
support the maintenance of a healthy digestive system and to reduce the risk of gut 
inflammation and colorectal cancer. 

It is recognised that a healthy digestive system is essential to overall quality of life. 
The intestinal tract is indeed the organ through which nutrients that are required for 
growth, development and health are absorbed and through which undesired and waste 
substances are excreted. There has therefore been great interest by the food industry in 
the development of new high resistant starch products. To date, these include Actistar 
(Cerestar), CrystaLean (Opta Food Ingredients) and Novelose (National Starch and 
Chemical Company), for example. 

It has now been found that products containing resistant starch could beneficially be 
used (instead of or in addition to other dietary fibres) in clinical nutrition. Due to the 
increased susceptibility of individuals in poor health and of those undergoing (or 
having undergone) treatment or surgery, it is important that any nutritional products 
administered to them be free from contamination. Food products are therefore 
preferably sterilised before administration. Sterilisation is usually achieved by UHT 
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(ultra high temperature) treatment. Unfortunately, it has been found that resistant starch 
does not have very high thermal stability and, accordingly, that unacceptable levels are 
lost if submitted to high temperature sterilisation. 



, none are 



Methods of producing sterilised starch compositions exist in the art. However, 
suitable for the present use. In particular, none address the problem of resistant starch 
loss during high temperature treatment US 4,671,966, for example, discloses a method 
for the production of a thickener concentrate comprising sterilising a fatty material / 
starch product mix which is then emulsified with water under violent agitation and 
packaged. The application is not concerned with preventing starch degradation, let 
alone with trying to prevent the loss of resistant starch structures. Nor does' the 
application relate to the preparation of sterile nutritional compositions. US 4,671,966 is 
thus in a completely different field to that of the present invention. 

FR 2686485 (Laiterie de Saint-Denis de l'Hotel) discloses a "sterilised" food 
composition, the ingredients of which are divided into two phases: a dry, powder phase 
(comprising the starch) and a sterilised, liquid phase. The two phases are packaged 
separately and mixed only upon use. The product can thus be stored for long periods 
without spoiling. However, there are several disadvantages to this method from the 
point of view of clinical nutrition. First, not all the ingredients are sterilised (only 
those comprised in the liquid phase). The risk of contamination (e.g. bacteria, moulds, 
etc.) xs therefore not completely eliminated. In addition, the product is not ready to use 
In clinical situations, it is often desirable to be able to administer nutrition directly to 
the patient, e.g. by enteral administration. The product described in FR 2686485 must 
be mixed before use and could therefore not be directly administered. This additional 
mixing step is not only time consuming, but it also introduces a risk of contamination 
which is not present when the product can be delivered straight to the patient from 
aseptic packaging. 

FR 2636507 (Agro Investissement Developpement Aid) discloses a food composition 
the mgredients of which are separated into two different categories: those which are 
heat-resistant and those, such as starch, which are heat-sensitive. The heat-resistant 
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ingredients are sterilised by UHT treatment whereas the heat-sensitive ingredients are 
sterilised by ionisation. The two categories of ingredients are then combined in a 
mixing chamber and aseptically packaged. Although this method overcomes some of 
the problems of FR 2686485, it nonetheless has several disadvantages. First of all it 
requires two types of machinery resulting in increased technical complexity and 
increased cost. The cost of ionisation, moreover, is relatively high, making the 
sterilisation procedure of FR 2636507 undesirably expensive. In addition, use of 
umisation is tightly controlled and prior authorisation would therefore be required to 
carry out the process. This is usually difficult to obtain. Furthermore, because 
ionisation would have to be carried out separately, the procedure of FR 2636507 could 
not easily be used in a continuous production process and, therefore, on an industrial 
scale. The step of transferring the ionised starch powder from the ionisation device to 
the mixing chamber could also become a contamination risk unless carried out under 
strictly sterile conditions. Finally, the method of FR 2636507 relates to general starch 
compositions (e.g. flour) and does not consider the use of resistant starch compositions. 

Consequently, there exists a clear need for an improved method of sterilising resistant 
starch and compositions containing resistant starch without causing unacceptable levels 
of denaturation. The present invention provides suchamethod. 

Summary of the invftntinn 

According to a firs, aspect of the present invention, there is provided a process for 
sterilising a resistant starch composition comprising: 

(a) dispersing said resistant starch composition in oil; 

(b) heating me sterch/oil dispersion obWned in step'(a) to a taxget temperamre of 100 
to 175°C; and 

(c) cooling the starch/oil dispersion, 

provided that if the resistant starch composition is granulated potato starch, the oil will 
be other than rapeseed oil. 
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Preferably, the starch/oil dispersion is heated to approximately 150°C and step (c) is 
carried out immediately upon reaching this temperature. 

The starch/oil dispersion preferably comprises one part resistant starch for 3-7 parts oil. 
Even more preferably, it comprises about one part resistant starch for about 5 parts oil. 
In one embodiment, an emulsifier may be added to the starch/oil dispersion before 
heating. The resistant starch is preferably a Type 3 resistant starch; even more 
preferably, it will be a maltodextrin-derived resistant starch. 

According to a further aspect of the invention, there is provided a sterilised resistant 
starch composition obtainable by the process of the invention and the use of such a 
composition in a nutritional, pharmaceutical or feed composition. 

Nutritional, pharmaceutical and feed compositions according to the invention may 
comprise up to 20% by weight, preferably up to 10% by weight, of the sterilised 
resistant starch composition together with one or more additional ingredients. The 
additional ingredients may include one or more of a protein source, a carbohydrate 
source, vitamins, minerals, flavourings and colorants. Preferably, the compositions are 
suitable for enteral administration. 

According to another aspect of the present invention, there is provided a method of 
producing a sterile nutritional, pharmaceutical or feed composition, said method 
comprising: 

(a) sterilising an oil dispersion comprising resistant starch and, optionally, one or more 
additional ingredients; 

(b) sterilising a water solution comprising one or more water-soluble ingredients; and 

(c) combining the sterilised dispersion of step (a) and the sterilised solution of step (b), 
provided that if the oil dispersion of step (a) is a rapeseed oil dispersion, the resistant 
starch will be other than granulated potato resistant starch. 

Preferably, step (c) is carried out under aseptic conditions. 
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(a) dispersing said resistant starch composition in oil; 

(b) heating the starch/oil dispersion obtained in step (a) to a target temperature of 100 
tol75°C;and 

(c) cooling the starch/oil dispersion; 

provided that if the resistant starch composition is granulated potato starch, the oil will 
be other than rapeseed oil. Preferably, the resistant starch composition will not be 
granulated potato starch. 

The resistant starch composition may be from any source. Advantageously it will 
contain a high amount of resistant starch, i.e. at least 25% by weight, preferably at least 
50% by weight, even more preferably, at least 60% by weight resistant starch The 
remainder of the composition will be made up of native or modified non-resistant 
starch, maltodextrin and the like. In one embodiment, the resistant starch composition 
may contain up to 100% by weight resistant starch. 

The resistant starch may be any available resistant starch. It may be a naturally 
occurring or synthetically produced resistant starch or any chemically modified 
variants thereof. For example, it may be a Type I, Type II or Type III resistant starch 
Preferably, it is a Type III resistant starch. 

Methods of synthetically producing Type III resistant starches are known in the art - 
see for example WO-A-90/15147, EP-A-564893, US-A-5,28 1,276, EP-A-0688872 and 
EP-A-0813817. Briefly, a starting starch material is debranched (e.g. using enzymes 
such as isoamylase, pullulanase or mixtures thereof) and then retrograded Preferably 
the starting starch material will be a high amylose starch or a maltodextrin. Suitable^ 
starch sources include, but are not limited to, pea, potato, wheat, tapioca and maize 
Maltodextrin is obtainable, for example, by acid or enzyme catalysed hydrolysis of 
root or tuber starch. Preferably, the resistant starch used in the process and 
formulations of the present invention is a resistant starch obtained according to the 
method described in EP-A-0688872 and EP-A-0813817. Even more preferably the 
reststant starch used in the process and formulations of the present invention will be 
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tapioca maltodextrin-derived, Type III resistant starch (such as that sold by Cerestar 
under the trade name Actistar). 

In a first step of the process according to the present invention, the resistant starch 
composition is dispersed in oil (e.g. by placing the resistant starch and the oil in a 
receptacle and mixing, manually or mechanically). The oil may be any oil suitable for 
use in food and/or drink preparations. Preferably, the oil will be a vegetable oil, an 
animal oil or a mixture of such oils. The following vegetable oils, for example, may be 
used: canola oil, coconut oil, corn oil, grape seed oil, olive oil, palm oil, peanut oil, 
rapeseed oil, safflower oil, soya oil, sunflower oil and mixtures of two or more thereof. 
In a preferred embodiment, the oil will consist of corn oil, rapeseed oil, soya oil, grape 
seed oil or mixtures of two or more thereof. Suitable animal oils include, for example, 
fish oils and oils derived from e.g. egg yolk and dairy products. If appropriate, the oil 
could also or alternatively comprise one or more microbial oils. The oil should 
preferably contain medium chain fatty acids, especially medium chain triglycerides. 

The resistant starch composition is dispersed in the oil such that a resistant starch to oil 
ratio in the range 1 : 1 to 1 : 1 0 is obtained. Preferably, the ratio will be in the range 1 :3 to 
1:7. Even more preferably, the ratio will be of approximately 1:5. According to one 
embodiment, an emulsifier is added to the starch/oil dispersion. Any food grade 
emulsifier may be used. Lecithin, for example, is suitable. It may be used alone or in 
combination with other food grade emulsifier(s) such as mono- and diglycerides. The 
emulsifier may be added in an amount of 0.1 to 10% by weight, preferably in an 
amount of 0. 1 to 5% by weight and even more preferably in an amount of 0. 1 to 3% by 
weight. The emulsifier is added to the starch/oil dispersion before heating. 

In a second step of the process according to the present invention, the resistant 
starch/oil dispersion is heated to a target temperature in the range of 100 to 175°C. In a 
preferred embodiment, the dispersion is heated to approximately 150°C. 
Advantageously, heating will be carried out using an indirect heating system whereby 
the heating medium and the starch/oil dispersion do not come into direct contact. 
Heating may be in batch (e.g. an oil bath) or continuous (e.g. using HTST - high 
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temperature, short time - equipment with a heat exchanger such as a plate or tubular 
heat exchanger). 

Once heating fa completed, and in a third step of the process according to the present 
tnvenuon, the dispersion is cooled. Heating is deemed to be completed once the target 
temperature has been reached although a standing time of up to 10 minutes, during 
whtoh the dispersion is maintained at the target temperature, may be foreseen 
Preferably, the standing time will be of no more than 3 minutes. Even more preferably' 
the standing time will be of no more than 10 seconds. According to a preferred 
embodiment, cooling is initiated immediately upon reaching the targe, temperature. 

The starch/oil dispersion should be cooled to under WC. Preferably, it is cooled to 
approximately 70«C. The dispersion may be cooled artificially (e.g. by refrigeration) or 
., may be allowed to cool natorally over a period of time. Preferably, the dispersion is 
cooled rapidly. 

Advantageously, during any standing and/or cooling time, aseptic conditions will be 
matntained so as to preserve the sterility of the heat-treated dispersion. Similarly 
packagmg of the dispersion into suitable containers should be carried on, under aseptic 
conditions. Suitable containers include, bu, are no, limited to, supple 
contemn, sealed cartons, pots, cans, tins, e,c. The choice of container will, of course 
depend on the ultimate use of me composition. For example, pouch-like containers will' 
be preferred for use in enteral administration. 

The process according to tire invention is praferably earned out in a continuous 
production process as illustrated ta Figure ^ ^ ^ ^ 

od and resisten, starch compositions are loaded, respectively, to storting tenks , and 2 
The compositions are then mixed in blending uni, 3. The resulting dispersion is 
subsequently sterilised at sterilisation post 4 (which may be any suitable heating 
medmm as described above). The sterilised product is then packaged at packaging post 
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It has surprisingly been found that resistant starch sterilised according to this process is 
not denatured by high temperatures to the same extent as resistant starch sterilised 
using traditional methods (e.g. in aqueous solutions). Accordingly, in a further aspect 
of the present invention, there is provided a resistant starch composition sterilised 
according to the above-described process. This sterilised resistant starch composition 
can be used in nutritional, pharmaceutical and feed compositions. It could be 
incorporated, for example, into nutritional or feed compositions (prior to cooking) 
where it will have improved heat-moisture stability. Such compositions will preferably 
comprise up to 10% by weight, or more, of the sterilised resistant starch composition 
of the present invention and one or more additional ingredients (where "sterilised 
resistant starch composition" refers to the above defined resistant starch composition 
either still dispersed in oil or completely or partially removed therefrom). 

Any additional ingredients should preferably also be sterilised before being 
incorporated into the mixture of the present invention. The additional ingredients can 
either be added after sterilisation of the resistant starch or they can be added to the oil 
and sterilised together with the resistant starch. If the additional ingredients are to be 
incorporated post treatment of the resistant starch, they can be sterilised in a separate 
and/or parallel procoss (as shown in Figure 2). This separate process could be any 
known method (e.g. in an aqueous solution using any direct or indirect UHT method). 
Of course, if appropriate, some ingredients (especially hydrophobic ingredients) could 
be sterilised with the resistant starch while others are treated separately. The final 
composition will eventually be packaged as described above. Accordingly, in a further 
aspect of the present invention, there is provided a method of producing a sterile 
nutritional, pharmaceutical or feed composition, said method comprising: 

(a) sterilising an oil dispersion comprising resistant starch and, optionally, one or more 
additional, preferably hydrophobic, ingredients; 

(b) sterilising a water solution comprising one or more water-soluble ingredients; and 

(c) combining the sterilised dispersion of step (a) and the sterilised solution of step (b). 

Steps (a) and (b) may be carried out in sequence or substantially simultaneously The 
method will preferably be used in a continuous production process such as that 
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For certam uses, i, may also be „ ^ ^ 

or ^ flavourings sach „ ^ ^ ^ ^ 

to. Ituccs such as orange, grapefruit, ^ cheny> ^ 

j :r :r? extracte suoh - — * -* — -iS 

herbs, etc.) anoVor one or more natural or synthetic coloraata. 

Depending on whemer the composition of me present invention is to be used in or as a 

art what other ntgred.en«, if any, should be added. These may inclnde, for example 
buKmg ag *, stimilisers, sweeteners, carriers, water, wnter 

hqtuds (such as milk, alcohols, etc.) and so on. 

Preferably, the composition of the present invention wil! be used as a nutritional 
compo„tiitional compositions may be presented in the form of formic 
for enteral admuustiation, as soups, deseris (e.g. dairy-baseo deserts), drinks (e g high 
energy, hyper-tonic or hyper-nroteinateH Hri^ , , "iks ( e.g. nigh 

In.™* , . * Ptotemated dnnks), meal replacement formulations, etc. 

a particularly prefer embodiment the nutritional composition wrU be in a orm 
«*. for enteral administiation (i.e. sterile, nutiitionaHy balanced and ha^a 

undergomg(orhavin g under g one) J::,: 8 ^ m ~ — - 

d^dT ° f ^ ° 0mPOSitiOnS «" dh « to - — Mention win be 

^ ° n *" indiVidUalS 10 WUCh ^ - to - — - ^r 
«*. *ey may be adapted for administiation to hypercatabolic individual having 

Pr ° tem ^ — («* -erely undernourished or elderly 

*"* ^ ~ or bed-sores)- ! 
suffering from meti.bo.ie problems (such as transitory giucose 

^or pancreatic endocrine insufficiency, obesity, etc.); t0 severely iu inu^ 

(eg. mdrvduals suffering from Aids, cancer or Crohn's disease); or to LwJtJ 

(e d ' paUen,s requktag — - - ~ 

-mma). The nec^sary adaptations will be obvious to a person skilled in me art 
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Because of its ability to stimulate the production of beneficial short chain fatty acids 
such as butyrate, the sterilised resistant starch composition of the present invention 
may also be used as an active ingredient in pharmaceutical compositions. Such 
compositions will be of use in the treatment of intestinal problems including conditions 
associated with inflammation of the gastrointestinal tract (such as ulcerative colitis 
Crohn's disease and inflammatory bowel disease), digestive disorders (such as irritable" 
bowel syndrome, constipation, diarrhoea, impaired gut barrier function, bacterial 
translocations and impaired mucus layer formation and function), colon cancers 
diabetes (especially type 2 diabetes), obesity and other health disorders related to 
digestion and to the metabolism of carbohydrates. 

As would be apparent to a person skilled in the art, the pharmaceutical compositions 
according to the invention may also contain further active ingredients suitable for 
treatment of the targeted disease or condition. 

The invention will now be illustrated by the following, non-limiting example. 
Example 1 - Sterilisation nf Re sistant Starch r™ r ™; tif 



ion 



A solution of Actistar in oil was prepared in order to measure the quantity of resistant 
starch present in the oil blend after heat treatment. 

The blend was prepared by pouring and mixing 120 g of Actistar™ into 300 g of oil in 
a beaker. 



The blend was then poured into a reactor with the following conditions- 

- Heating system (oil bath) set at 165°C in order to reach a final temperature of 

- Rotation rate: 80 rpm. 
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The solution was heated until it reached a temperature of 150°C. This took 
approximately 50 minutes. The hot solution was then immediately cooled by being 
poured into an Inox beaker, which was placed on ice. 

Samples of the blend were analyzed to check the heat stability of Actistar™ when 
dispersed in oil. The analysis showed that resistant starch recovery was 100%. This 
result demonstrates a very good resistant starch stability when heated in an oil blend. 

Exampl e 2 - Comparative Examp le. 

A number of Actistar and milk blends were prepared in order to measure the quantity 
of resistant starch present after heat treatment. 

For each blend, 30 g of Actistar™ were added to 1 liter of whole milk. Additional 
ingredients included sucrose, vanilla flavor or cocoa powder and a stabilizer (stabilizer 
1 - carrageenan; stabilizer 2 = CMC + carrageenan). The dry ingredients were 
dispersed in the milk using a Silversonn pilot mixer. 

The dispersions were preheated to 70°C and homogenized at either 50 or 220 bars. 
They then underwent UHT treatment (using a plate heat exchanger) at 137°C for 6 
seconds. After UHT treatment, the mix was cooled to 25°C (using cooling plates). 

Samples of the blend were analyzed to check the heat stability of Actistar™ when 
dispersed in milk (using the Saura-Calixto Method - Food Chem. Vol 56, no. 4, 1996, 
pp. 445-449). The following results were obtained: 



Flavor 


Stabiliser 


Homogenisation (bars) 


Resistant Starch recovery (%) 


Vanilla 


1 


50 


47 


Vanilla 


1 


220 


47 


Chocolate 


1 


r 50 


51 


Chocolate 


2 


50 


50 


Chocolate 


2 


220 


48 
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As can be seen above, resistant starch recovery varied from 47 to 51%. In other words, 
approximately half the resistant starch content of UHT-treated milk compositions is 
lost. 
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